0.033 M; NH4C1, 0.1%; MgS04.7Hz0,0.05%; femc ammonium citrate, 0.005%; and CaC12, 0.0005%. For heterotrophic growth, various carbon sources were added to a final concentration of 0.1%. The medium was used as a liquid or was solidified with 1.8% of purified agar (Difco).
Enrichment, isolation, and autotrophic cultivation. For enrichments, the liquid mineral medium t Present address: Hoffmann-LaRoche Inc., Nutley, N J
07110.
was dispensed in 10-ml portions into 50-ml Erlenmeyer flasks and then sterilized. After inoculation with small portions of soil samples, the flasks were placed in a desiccator in which the air was then replaced with an atmosphere of 50% hydrogen, 8% oxygen, 5% carbon dioxide, and 37% nitrogen. After incubation for 2 or 3 days at 30"C, at which time growth was noticeable in most of the flasks, the mixed culture in each flask was streaked onto plates of solid mineral medium. The plates were incubated under the autotrophic conditions described above at 30°C, and colonies could be picked after 4 or 5 days of incubation. The cultures were purified by restreaking.
Methods for study of phenotypic properties. The basic morphological properties of the strains, Gram staining, temperature relationships, oxidase reaction, catalase production, relationship to oxygen, denitrification, nitrate reduction, and gelatinase production were determined following previously described conventional bacteriological techniques (7) (8) (9) . For the study of the nutritional spectrum, the solid mineral medium was supplemented with each of 141 organic carbon compounds tested for use by the strains as sole carbon and energy sources. These substrates were added as fdter-sterilized solutions to give a final concentration of 0.1%. Exceptions were geraniol and naphthalene, which were not dissolved in the medium but instead were placed in the lid of the petri dish. Phenol and benzoate were tested as substrates at three concentrations: 0.1, 0.05, and 0.025%. The plates with different media were inoculated with drops of washed suspensions of cells grown under autotrophic conditions. A drop of each suspension, properly diluted to give a turbidity barely visible to the naked eye, was deposited on the surface of each plate containing a given carbon source. The plates were inverted after the liquid of the drops had been absorbed by the agar and were incubated at 30°C. Positive results could be recorded in 2 or 3 days, but the plates were kept in the incubator considerably longer and were observed periodically for late growth. The density of growth was judged visually by comparison with that obtained on a plate containing no carbon substrate. Growth on this control plate was almost negligible. For determining the mechanisms of cleavage of dihydroxylated intermediates in the metabolism of aromatic compounds, the method recommended by Stanier et al. (9) (10) . Oxygen uptake was followed manometrically in a conventional Warburg apparatus at 37°C. Electron microscopy. Cultures in liquid media were centrifuged, and the resulting pellet was washed once and then suspended in 0.5% ammonium acetate in 2% sucrose. Twenty-microliter volumes of the suspensions were spotted on carbon-stabilized Formvarcoated grids (200 to 300 mesh size), dowed to settle for about 30 min, and then stained with 1% phosphotungstic acid. Excess liquid was removed with filter paper, and the grids were allowed to air dry. The grids were examined in a Zeiss MS9 electron microscope.
RESULTS
Enrichment-isolation of the strains. In the three enrichment cultures that yielded the new strains, faster-growing hydrogen bacteria were always present, as were various heterotrophs. Therefore, it was found convenient to streak the culture on agar plates as soon as the cells of the new organism, which are very characteristic, were present in the mixed culture and to examine the plates carefully under the dissecting microscope as soon as the colonies were visible. As described below, the colonies of the new organism are also very characteristic, and they can be easily identified among those of other hydrogen bacteria. Transfer of a loopful of the liquid enrichment culture to a second flask of liquid medium occasionally resulted in the disappearance of the new organism and the predominance of faster growing autotrophs.
Phenotypic characterization of the new strains: morphology. The colonies of freshly isolated strains were wrinkled, and various surface patterns were observed on mineral agar after incubation under autotrophic conditions (Fig. 1) . The colonies were rather coherent, but they broke readily into pieces when picked with the loop; however, the cells remained aggregated into large clumps and did not suspend easily in liquid. Upon cultivation under heterotrophic conditions for a number of transfers, this "rough" behavior was sometimes lost, and a smooth variant of circular, creamy colonies predominated in the population. Liquid cultures in mineral medium with glucose were frequently clumpy whereas those grown on other carbon sources (for instance, rn-hydroxybenzoate) were uniformly turbid. The color of the colonies was grayish pink, but that of the Australian isolate H-N was yellowish. Methanol extracts of pellets of cells of strain H-N did not have the absorption spectrum characteristic of carotenoids in the visible region.
The cells were short, almost coccoid rods ( Fig.  2 ) with average dimensions of 1.1 by 1.6 to 2.4 pm for strain H-1 and of 1.3 to 1.4 by 1.9 to 2.4 pm for strain H-4. The cells were gram negative, nonsporulating, peritrichous (Fig. 3) , and rather sluggishly motile. They accumulated the carbon reserve material poly-beta-hydroxybutyrate under both autotrophic and heterotrophic conditions, particularly in nitrogen-deficient media. When the cells were suspended in salt solutions of certain concentrations, plasmolysis was practically instantaneous and was easily observed under the microscope (Fig. 4) . Plasmolysis with KCl was apparent at concentrations of 0.07 M or higher. The proportion of plasmolyzed cells increased with the salt concentration and was close to 100% with 0.1 M KC1. When the suspension in 0.1 M KCl was diluted 1:l with water, the cells immediately took on their normal appearance. These changes did not reduce the viability of the cells.
Cells grown for 24 h at 30°C in mineral medium to which 0.5% of yeast extract had been added appeared large and heavily granulated ( Physiological properties. The salient physiological properties of the new strains are the following. The strains are absolute aerobes since they were incapable of growth under anaerobic conditions. Growth in anaerobiosis in the presence of nitrate was also negative. The oxidase and catalase reactions were positive. No gas was produced from nitrate, but there was reduction of nitrate to nitrite. Gelatin was liquefied. Starch was slowly hydrolyzed. The optimal temperature for growth was around 35°C. Growth occurred at 40°C but not at 43°C. The doubling time of strain H-1 in mineral medium supplemented with 0.2% glucose in a 37°C bath with rotatory shaking at 280 rpm was about 1.2 h (p: 0.57 h-'). There was good growth under autotrophic conditions in the mineral medium in contact with an atmosphere containing 8% oxygen. Growth was severely inhibited when an atmosphere with 20% oxygen was used instead, but spontaneous mutants insensitive to high oxygen concentrations were readily obtained. ature. For reactivation of the cells, the same growth conditions as those used prior to drying were used. The autotrophically grown cells revived normally under autotrophic conditions, but both of the dry samples from the glucose and the m-hydroxybenzoate media appeared to be dead. Further experiments showed, however, that this was probably not the case, since cells from other vials of these batches could be reactivated by inoculation into mineral medium and incubation under autotrophic conditions. In other words, reactivation of the dried cells was ineffective under heterotrophic conditions but was perfectly normal under autotrophic conditions irrespective of the carbon source used for the growth of the cells before drying. This observation is puzzling in view of the fact that the hydrogenase system is inducible and seems to be almost totally inactive in glucose-grown cells. Cells of the three strains grown heterotrophically with glucose, and suspended either in skim milk or in sucrose solution, were subjected to freeze-drying at the American Type Culture Collection. Samples of these batches sent to us by the American Type Culture Collection could be reactivated in glucose medium after 1 month of storage. Reactivation in mineral medium with an atmosphere of hydrogen, carbon dioxide, and oxygen was also normal, but in this case the conditions of reactivation were not truly autotrophic due to the presence of organic carbon substrates (sucrose or skim milk solutes) in the fluid in which the cells had been suspended prior to freeze-drying.
Nutritional characters. Either ammonium or nitrate, but not molecular nitrogen, was used by the strains as a nitrogen source. A total of 141 organic compounds were tested as carbon and energy sources for the growth of strains H- 
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extract. Substrates used by only one strain are listed in Table 1 .
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Mechanisms of cleavage of dihydroxylated intermediates. Manometric experiments performed with cells grown on various aromatic substrates were carried out in the presence of chloramphenicol (50 pg/ml of cell suspension) to prevent further induction. The results of these experiments can be summarized as follows.
(i) Cells grown on hippurate or L-mandelate are induced to the respiration of benzoate.
(ii) Cells grown onp-hydroxybenzoate respire protocatechuate at a faster rate than glucosegrown cells.
(iii) Of four possible dihydroxylated intermediates (gentisate, protocatechuate, 2,3-dihydroxybenzoate, and 3,5-dihydroxybenzoate), only gentisate is respired at a rate significantly above the rate of endogenous respiration by m-hydroxybenzoate-grown cells. However, this rate is at (iv) Protocatechuate-grown cells appear to be uninduced for p-hydroxybenzoate respiration.
The above-mentioned observations received confirmation through the application of the colorimetric test for cleavage mechanisms described by Stanier et al. (9) and of enzymatic assays performed on cell-free extracts. The results of these tests were as follows.
(i) Cells grown on hippurate or L-mandelate carry out an ortho cleavage of catechol. No action on protocatechuate is apparent.
(ii) Cells grown onp-hydroxybenzoate or on quinate catalyze a meta cleavage of protocatechuate and do not give a color reaction with catechol.
(iii) Cells grown on m-hydroxybenzoate do not give any color reaction with protocatechuate or catechol. These negative color reactions, taken together with the results of the manometric experiments, supported the hypothesis that m-hydroxybenzoate is metabolized through the gentisate pathway. This idea received further confirmation from the assay of gentisate oxygenase by the method of Wheelis et al. (10) . Cellfree extracts of strains H-1 or H-4 readily convert gentisate to maleylpyruvate, which can be subsequently isomerized to fumarylpyruvate by the addition of reduced glutathione to the reaction mixture.
In summary, the results strongly suggest that endogenously generated benzoate is degraded by these strains through the beta-ketoadipate path-way. The metabolism of p-hydroxybenzoate does not follow this pathway in view of the demonstrated meta cleavage of protocatechuate. m-Hydroxybenzoate is degraded following the gentisate pathway. The evidence presented in favor of the operation of these various pathways may however be considered as preliminary and should be confirmed by more detailed enzymatic analyses.
Observations on hydrogen oxidation. No efforts were made to obtain cells in the log phase of growth under autotrophic conditions, and therefore the data given below may not represent the maximum capacity for hydrogen oxidation. Cells grown in flasks of liquid mineral medium in a desiccator, under an atmopshere of Hz, 0 2 (8%), CO2, and N2, without agitation, were harvested in the stationary phase and washed, and the oxidation of hydrogen was followed in Warburg flasks at 37°C. In contact with an atmosphere of 90% hydrogen and 10% oxygen, the total uptake was 690 pl of gas per h per mg (dry weight). However, when the gas mixture was composed of 80% hydrogen, 10% oxygen, and 10% carbon dioxide, the uptake increased to 975 p1 per h per mg (dry weight). Since the increment was larger than the autotrophic uptake of carbon dioxide, it was concluded that this new organism gives a positive "Bartha effect" (2, 6) , although the effect is very moderate when compared with that of other species of the genus Alcaligenes Experiments performed in H. G. Schlegel's laboratory have shown that A. latus grows with a doubling time of about 5 h at 30°C under autotrophic conditions, with a gas atmosphere of 80% hydrogen, 10% oxygen, and 10% carbon dioxide. In addition, it was found that the three strains contain an active membrane-bound hydrogenase which reduces methylene blue. No nicotinamide adenine dinucleotide-reducing soluble hydrogenase has been detected, an important difference with A. eutrophus and A. ruhlandii, where both soluble and particulate hydrogenase activities can be demonstrated (H. G. Schlegel, personal communication).
DISCUSSION
None of the known gram-negative hydrogenutilizing bacteria so far described in the literature resemble the strains whose properties are presented in detail in this communication. Based on the basic phenotypic characters of the new strains, we suggest the assignment of these strains to the genus Alcaligenes because their characters fit almost perfectly the generic definition presented by Holding and Shewan (3) in the 8th edition of Bergey's Manual of Determinative Bacteriology. The only strain characteristics in disagreement with the generic description are the thickness of the cells, which in the new bacterium appears to reach up to 1.4 pm, and the number of flagella, which is normally higher than 8. Therefore, we suggest that the definition of Alcaligenes be modified to accommodate these strains, which we regard as belonging to a new species for which we propose the name Alcaligenes latus (la'tus. L. adj. latus broad) because of the plump appearance of the cells under the microscope. A formal description of the species follows.
Alcaligenes latus sp. nov. The cells are short to coccoid, gram-negative rods which measure 1.1 to 1.4 by 1.6 to 2.4 pm and which occur singly, in pairs, or in short chains. The cells are motile by means of 5 to 10 flagella arranged in peritrichous fashion. No resting stages are known. Colonies are round, grayish, and opaque; they are wrinkled in fresh isolates but become smooth upon subcultivation.
Metabolism is respiratory, and molecular oxygen is the final electron acceptor. Strictly aerobic. Oxidase positive. Nitrates are reduced to nitrites, but denitrification does not occur. Gelatin is liquefied; starch is hydrolyzed, although poorly. Temperature for optimum growth: around 35°C. At least 67 different organic compounds are utilized as sole carbon and energy sources for growth; these include sugars, acids, alcohols, aromatic compounds, and amino acids. Facultatively chemolithotrophic in an atmosphere containing hydrogen, oxygen, and carbon dioxide gases. Under autotrophic conditions, growth is inhibited by high (20% or higher) oxygen concentrations, but mutants resistant to these conditions are readily obtainable.
The guanine-plus-cytosine content of the deoxyribonucleic acid of strain H-4 is 69.4 mol%.
Type strain: H-4. A culture of this strain has been deposited in the American Type Culture Collection under the number 29712.
With the transfer of Pseudomonas ruhlandii to the genus Alcaligenes, as recently proposed (l), and the assignment of this new species to the same genus, the number of extensively described species of Alcaligenes will be increased to six. Of these, four are hydrogen bacteria. A. latus can be easily differentiated from the other three facultatively autotrophic species on the basis of the characters given in Table 2 .
